Obligately anaerobic, Gram-stain-positive, spore-forming bacteria indistinguishable by pulsed-field gel electrophoresis were isolated from non-dairy protein shakes in bloated bottles. One of the isolates, strain IEH 97212 T , was selected for further study. The strain was closely related to Clostridium sporogenes and Clostridium botulinum Group 1 based on 16S rRNA gene sequence similarities. Phylogenetic analysis also showed that strain IEH 97212 T and strain PE (=DSM 18688), a bacterium isolated from solfataric mud, had identical 16S rRNA gene sequences. Strains IEH 97 212 T and DSM 18 688
included in the Approved Lists and has not been validly published yet. It should be mentioned that some strains of Clostridium baratii and C. butyricum, species initially described as non-toxic bacteria, are able to produce a neurotoxin as well, and they are considered as members of Group V and VI of the BoNT-producing clostridia [9] . It was found that some strains of C. subterminale carry silent BoNT genes [10] . Based on these results that show the possibility of horizontal transfer of BoNT genes between different species of the genus Clostridium, the description of BoNT-producing clostridia as a single species is considered to be erroneous [11, 12] .
The close relationship of the non-toxigenic species and C. botulinum groups can result in errors in detection of the BoNT-producing species in food samples, such as an incorrectly reported incident of C. botulinum contamination of whey protein concentrate in New Zealand in 2013. Additional analysis showed that isolates should be identified as non-toxic C. sporogenes [13] . The samples used for the current study were taken from bloated bottles containing nondairy protein shake drinks, which were originally suspected to be contaminated with C. botulinum. This further corroborates the problem of misidentification of non-toxigenic strains as C. botulinum; our studies found no evidence of BoNT or other toxin genes in the isolates, either by PCR or by genome sequencing. However, in this case, the food spoilage isolates did not belong to C. sporogenes, but represented a novel species closely related to but distinct from C. sporogenes and C. botulinum Group I.
Clostridia characterized in this study were initially grown on pre-reduced tryptic soy agar (TSA) with 5 % sheep blood plates (Remel) under anaerobic conditions in jars or bags with AnaeroGen sachets (Oxoid) or in an anaerobic chamber (Shel Lab) following the manufacturer's instructions. The modified DSMZ medium 104b (PY+X) was used as a liquid medium when growing cultures in Hungate-type tubes (Chemglass Life Sciences). The medium contained 5 g tryptone, 5 g peptone, 10 g yeast extract, 0.5 ml 0.1 % (w/v) sodium resazurin solution, 0.5 g L-cysteine hydrochloride and 2 g K 2 HPO 4 per 1 litre of deionized water. K 2 HPO 4 was excluded during preparation of media with pH 4.0-6.5 and pH 8.0-9.5. In some cases, the medium was supplemented with 5 g D-glucose.
Six pure cultures that were received for the confirmation of their taxonomic identification and six additional isolates that were isolated from bloated bottles at the Institute for Environmental Health, Inc. appeared to be very closely related strains or, perhaps, clonal in origin. The pulsed-field gel electrophoresis (PFGE) patterns of DNAs of all isolates digested with ApaI were indistinguishable, and the digital DNA-DNA hybridization (dDDH) values among five isolates whose genomes have been sequenced ranged from 99.7 to 100 %. The PFGE and whole-genome sequencing methods, and the methods used for analysis of DNA sequences, were described previously [14, 15] . Therefore, one of the isolates, IEH 97212 T , was selected for the further characterization as a representative of this food spoilage bacterium. The phylogenetic analysis using the 16S rRNA gene sequence of strain IEH 97212
T that was performed as described previously [16] showed that the strain was most closely related to C. sporogenes and C. botulinum (Figs 1 and S1 , available in the online Supplementary Material) among species with validly published names. The C. sporogenes -C. botulinum clade also contains Eubacterium combesii, but the taxonomic position of the latter species should be revised. The similarities of the 16S rRNA gene sequence of strain IEH 97212
T and the sequences of C. sporogenes JCM 1416 T (accession number AB595130) and C. botulinum ATCC 25763 T (accession number L37585) were 99.0 and 98.9 %, respectively. These levels of similarity are in the range of 98.7-99 %, the 16S rRNA gene sequence similarity threshold values indicating that the isolate might be a representative of a novel species [17] [19] and AM412317 [20] , respectively.
However, the results of the comparison of the 16S rRNA gene sequence of strain IEH 97212 T with sequences in GenBank/ EMBL/DDBJ also showed that the sequence was identical to the sequence of the 16S rRNA gene (accession number AM237439) of strain PE, a thermotolerant bacterium isolated from solfataric mud in Viterbo, Italy, as a keratinase producer [21] . The bacterium was classified as C. sporogenes bv. pennavorans bv. nov. [21] , but in the German Collection of Microorganisms and Cell Cultures (DSMZ), it is stored as Clostridium sp. strain DSM 18688. The strain was ordered from the DSMZ and included in the current study.
As suspected, phenotypic features of strains IEH 97212 T and DSM 18688 were found to be similar; both strains formed circular colonies with an entire margin unlike C. sporogenes ATCC 3584
T , used as a reference strain, that, in accordance with the description of C. sporogenes, formed irregularly circular colonies with a coarse rhizoid edge and filamentous margin ('Medusa's head' colony). All three strains exhibited b-haemolysis on blood agar. Cells of strains IEH 97212 T and DSM 18688 were Gram-stain-positive rods, about 1.3-1.6Â2.2-6.2 µm, and motile. Morphology and motility of cells of strain IEH 97 212
T and other strains under study were observed under a light microscope (Olympus BX 51; Â1000 magnification). Cell motility of strains IEH 97 212 T and DSM 18688 was confirmed by the character of their growth in semi-solid (0.3 %) agar. Both strains were sporeformers. The spores were oval, located subterminally and caused cell swelling but not to such an extent as the spores of C. sporogenes do.
To determine the temperature range for growth, the strains studied were grown in Hungate tubes at temperatures of 4, 10, 15, 20, 25, 30, 35, 40, 45, 55, 60 and 65 C. Strains IEH 97212
T and DSM 18688 were more thermophilic than C. sporogenes ATCC 3584
T . The temperature range for growth was C with an optimum range of 45-50 C for strains IEH 97212
T and DSM 18688, and 20-45 C with an optimum range of 35-40 C for the C. sporogenes strain. To determine the levels of bacterial tolerance to sodium chloride, the modified DSMZ medium 104b (see above) containing 0-10 % (w/v) NaCl, in increments of 1 %, was used. C. sporogenes ATCC 3584
T was more halotolerant than strains IEH 97212 T and DSM 18688; growth in the presence of the salt was in the range 0-6.5 % (w/v) and 0-2.5 % (w/v), respectively. The pH range for growth was determined in increments of 0.5 pH units by adding the following buffers (final buffer concentration 20 mM) to the modified DSMZ medium 104b: sodium acetate buffer (for pH range 4.0-5.5), MOPS (pH 6.0 and 6.5), potassium phosphate buffer (pH 7.0 and 7.5) and Tris (pH 8.0-9.5). The strains under study and the reference strain did not differ in their requirements for the initial pH of the medium. The growth of all three strains was observed in media with pH between 6.0 and 9.5.
Tests for the presence of catalase and oxidase were carried out by following the methods described by MacFaddin [22] . Other biochemical reactions of strains IEH 97212 T , DSM 18688 and C. sporogenes ATCC 3584
T were determined using API 20 A test strips (bioM erieux) and VITEK 2 ANC cards (bioM erieux) according to the manufacturer's protocols. The results are presented in the Table 1. The results for  IEH 97212 T and DSM 18688 in these tests were similar, but, unlike these strains, C. sporogenes ATCC 3584
T was able to hydrolyse aesculin and produce L-pyrrolidonyl arylamidase.
Cellular fatty acid analyses were carried out by Microbial ID, Inc. The cultures were grown in pre-reduced peptoneyeast-glucose broth with Tween (PYGwT) (Anaerobe Systems) for 24 h at 35 C before cell biomass collection for the analysis. The fatty acids were extracted and fatty acid methyl esters were prepared according to the protocol of the MIDI/ Hewlett Packard Microbial Identification System [23] . The fatty acid methyl esters were analysed using an Agilent 6890 gas chromatograph. All cultures supplied were identified by the MIDI system as C. sporogenes. Cells of strains IEH 97212 T , DSM 18688 and C. sporogenes ATCC 3584 T appeared to contain the same fatty acids, and the predominant fatty acids were C 14 : 0 , C 16 : 0 and C 18 : 1 !9c, but there were distinct differences in the quantities of some fatty acids between the reference strain, C. sporogenes ATCC 3584 T , and the two other strains ( Table 2 ). The percentage of iso-C 16 : 0 was considerably higher in cells of C. sporogenes ATCC 3584 T than in cells of strains IEH 97212 T and DSM 18688, while cells of the latter two strains contained significantly more C 18 : 1 !9c than the reference strain.
Fermentation end-products were analysed by GC-MS (Agilent 6890 GC, coupled with Agilent 5975C detector). Samples of cultures were filtered using 0.22 µm PVDF filters and injected onto a Stabliwax (Agilent) column (30.0 m length, 320.0 µm nominal diameter, 0.25 µm nominal film thickness) using a pulsed splitless injection, with a 10 ml min À1 purged flow to split vent at 0.5 min and 25 psi injection pulse until 0.5 min. The carrier gas was helium, with a constant flow of 15.5 ml min
À1
. The oven temperature programme was as follows: 80 C, ramp at 7 C min À1 to 180 C, hold 2 min, ramp at 20 C min À1 to 240 C, hold 2 min, T grown in the medium containing D-glucose included acetic acid (315-735 ppm), propionic acid (9-30 ppm), butyric acid (125-600 ppm), isobutyric acid (22-67 ppm), valeric acid (145-250 ppm) and isovaleric acid (42-155 ppm). Based on the amounts of these end-products, they may be categorized as major (acetic, butyric and valeric acids) and minor (propionic, isobutyric and isovaleric acids) products. It should be mentioned that the amounts of the minor products were comparable in the medium containing glucose and the medium without glucose. The organic acids detected are among the fermentation end-products indicated in the descriptions of C. botulinum types A, B and F (proteolytic), which are members of C. botulinum Group 1, and C. sporogenes [24] as markers differentiating these species from some other clostridia, but the end-products of IEH 97212 T , DSM 18688 and C. sporogenes ATCC 3584
Hydrolysis of aesculin
T cultures grown in both types of media, without and with D-glucose, also included isocaproic acid (210-380 ppm), phenylpropionic acid (850-945 ppm), 2-piperidinone (465-660 ppm) and 2-pyrrolidinone (145-170 ppm). The latter compounds do not appear to be products of the fermentation of D-glucose as their quantities are similar in media with and without glucose. Phenylpropionic acid was shown to be a product of phenylalanine conversion by C. sporogenes and C. botulinum [25] , and isocaproic acid appears to be a product of fermentation of leucine in Stickland reactions [26] .
The draft genome sequences of strains IEH 97212 T and C. sporogenes ATCC 3584
T have total lengths of 3 037 955 and 4 109 888 bp, respectively. In accordance with the smaller genome size, strain IEH 97212 T encodes fewer proteins (2743) than the C. sporogenes ATCC 3584 T genome (3798 proteins). As should be expected, the draft genome size of C. sporogenes ATCC 3584 T is very close, but not identical, to the size of the C. sporogenes DSM 795 T complete genome, 4 142 990 bp [27] . (It should be mentioned that the draft genome means that it is not complete, not finished and not errorless, and, therefore, minor differences of the draft genome data and those of the complete genome may occur.) The genomic DNA G+C content values were 26.9 and 27.8 mol% for strains IEH 97212 T and C. sporogenes ATCC 3584 T , respectively. The mean DNA G+C content determined for the draft and complete genome sequences of C. sporogenes DSM 795 T were 27.81 and 27.98 mol%, respectively [19, 27] . The similarities of the housekeeping rpoB, recA, dnaA and gyrB gene sequences of strains IEH 97 212 T and C. sporogenes ATCC 3584
T were only 94.1, 91.7, 94.1 and 91.7 %, supporting the conclusion that strain IEH 97212 T represents the novel species. As indicated above, this conclusion was based on the dDDH data, which also demonstrated that strain DSM 18688 is a member of this species as well. The dDDH relatedness of strains IEH 97212 T and DSM 18688 was 98.4 %. The dDDH values were calculated according to Goris et al. [28] . Another method of demarcation of bacterial species [29] , determination of average nucleotide identity (ANI), also confirmed that strains IEH 97212 T and C. sporogenes ATCC 3584 T belong to different species. The ANI of these strains, 88.23 %, was significantly less than the proposed ANI cut-off for a novel species of 95-96 % [30] .
Based on the genotypic and phenotypic features of strains IEH 97212
T and Clostridium sp. DSM 18688 that show that these strains should be described as members of a novel species of genus Clostridium, we assign strain IEH 97212 T as the type strain of a novel species, for which the name Clostridium tepidum sp. nov. is proposed.
DESCRIPTION OF CLOSTRIDIUM TEPIDUM SP. NOV.
Clostridium tepidum (te¢pi.dum. L. neut. adj. tepidum lukewarm).
Cells are strictly anaerobic, motile, Gram-stain-positive rods with dimensions of about 1.3-1.6Â2.2-6.2 µm. Spore-forming; spores are oval, located subterminally and swell cells. Colonies are circular with an entire margin and b-haemolytic. The colony morphology is distinguished from that of closely related species forming 'Medusa's head' colonies. The temperature range for growth is C with optimum growth at about 45-50 C; a mildly thermophilic species. Tolerates 0-2.5 % (w/v) sodium chloride. Growth is observed in media with initial pH between 6.0 and 9.5. Cells are negative for catalase, oxidase, urease and L-pyrrolidonylarylamidase and do not produce indole. Produces acid from D-glucose, maltose and trehalose and hydrolyses gelatin; does not hydrolyse aesculin. Positive for Ala-Phe-Pro-arylamidase, L-proline-arylamidase and arginine GP in VITEK ANC tests. Does not produce acid from D-mannitol, lactose, sucrose, salicin, D-xylose, L-arabinose, glycerol, cellobiose, D-mannose, melezitose, raffinose, D-sorbitol and L-rhamnose. The end-products of growth in PYG-like medium include acetic acid, propionic acid, butyric acid, isobutyric acid, valeric acid, isovaleric acid, isocaproic acid, phenylpropionic acid, 2-piperidinone and 2-pyrrolidinone. Produces gas(es). The predominant fatty acids are C 14 : 0 , C 16 : 0 and C 18 : 1 !9c.
The type strain, IEH 97212
T (=NRRL B-65463 T =DSM 104389 T ), was isolated from non-dairy protein shake in a bloated bottle. Another strain described as belonging to this species is DSM 18688, which was isolated from solfataric mud. The genomic DNA G+C contents of these strains are 26.9 and 26.7 mol%, respectively.
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